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Method For Detection Of Alkyklsd Cytosine In DMA 

Field of th» invention 

m * ^?r en,tavOTttonrfatotome *^ sforde ^ aik y tei « i ^-i"DNA. 

M ^°'*^ve I , a o„emp I „ y en Zym astha,di£ f e IOTM aU ym od i f y ^ I a^c y to S ine 
> and cy osme. The presence of alkylated cytosine in DNA is determined by evaluating the 

Background 0 f tha [n yanHan 

A, least seven different covalent base modifications have been identified in 
prokaryodc, eukaryobc, bacteriophage and/or viral genomes (1). In higher order 
eukaryo.es *--'*unda I ,,cova.en a ymodiaedbaseis5-me a >y,cy t osine I oca te d5- to 

differenhabonandtumourigenesis(2). 

The abnormal phenotype of cancer cells is due to both qualitative and/or 
qoanbtabve change. Sequence-based quabtabve changes (genebc muUbons) are preserved 

mherttance of mformauon on me basis of gene expression is known as epi-genencs 
2 1 8enCS ^ ^ ° l ° NA »"»'-« *— W cell 

N»p lMttc «I l8 slmm to eou Sr yh^malb pI ea t m„rma Ji «esn^ to 
correlated w,th me down regulabon of the corresponding gene. This hypermethytahon 



on in 



tumour suppressor genes. Examples of genes which have CpG Wand hypennethylatK 
assodabon with human tumours include pl 6 flung. breast cote, prostate, renal liver, 
bladder and head and neck tumours), ^ (breast prostate , rolon , bladder _ ^ 
tumours), the von Hippel Lindau (VHL) gene (renal ceU tumours), BRCA1 (breast 
hrmours). pl5 fleukemlas, BurkUt lymphomas). hMLHl (colon), ER (breast colon, lung 
hunours; lerfcemias), MCI (brain, breast colon, renal hrmours), MDG1 (breast tumours) 
GST-* (prostate tumours), C-MGMT (brain tumours), calcitonin (cardnoma, 
leukemlaXand myo-D (bladder tumours) (1, 3). 

10 thou^ T SUUaH ° n ^ *° W reP ° rted ' WHereb ^ C P° hypomerhvration is 
*ough,toconbibu teto neop h sricp rogre ssi 0 n The urokinase CpG Island was^ound to be 
hypermerhvlated In early stage, non-metaatauc breast rumour cells bu.was 
hy P omemyla t edm ragU y m e^ ttcbrcaslhmorMlls(4) hypomethylatton of 

a regron Wlmm te metastasis-associared S10QA* gene has been hypotheLd as me 
mechamsm of gene activation In colon adenocarcinoma cell lines (5). 

15 A ' IeaS ' ei 8 h,dl «^n,ethods,aIongwi m seve ra lvartatrons,aUo w 

method has advantages arrd disadvantages in terms of specify, resoluuor, sensiLty 
and potential artefacts. W 

•0 hvdro, ^^^"^^^^^'^^-'''^"^by 

*e„ fracuonabng and arralysmg the compostbon by standard methods Z^Zl 

"IT* edbaSeSPreSenHn,he ~ tod — 8.veanyuuorma«onon 
^partofmegenomewasorigi^nymodifled. Dinudeobde companion and 

P^uT T r deteminCd ^ M ~Shbour analysis, b„, again this method 
prices only bmlted seouenca mformauor, Neither of these methods are genome 
speatic, and contamination of samnlpc t^kt a ^ 

lead ,o misleading results. " ™" ^ «**—- -» 

' se q uenTr D r iflC ^ ^ ^ " ** °" ««* where in the 

^enceoffhegenomemodiaedbasesexistrSenomrcDNAcanbeanalysedby 
restrrcbon enzymes that a. sensibve «o methylabon. With this method, howel, the 
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number of sites that can be examined is hM by the number of sequences recognized by 
methylation sensitive restriction enzymes. Sequencing would provide sequence-spedfic 
mformauon, but methylation patterns are no, preserved during PCR or when eukaryottc 
15 ""Plined in bacteria through molecular cloning. 

> It is necessary to differential modify the bases, in a methylauon specific manner 

to produce a modified sequence where the methylatton-specific changes are reteined ' 
during sequencing protocol There are currently thme protocob that rely on analysis of 
deferential base modification. All of these protocols tavolve modification of DNA 
mduced by chemical treatment of the DNA Mowed by analysis of the DNA sequence. 
Hydrazine (N 2 H4). permanganate (MnO rt and bisulfite (HSO3-) all differentially modify 

"J*™^^ a tower reactivity witi^^^ 
Aymme. After "on of DNA wi* hydrazine d,e DNA is run on a sequencing ge!. 
Comparison of ,he hydrazine-freated DNA with DNA frosted with other base.pedfic 
chenucai deavage compounds allows the sequence of the DNA to be determined. In 

an absence or reduced mtensity of bands compared to the cytosine and cytesine + 
mymtdme specific .addem of sequencing reaction, from genomic DNA. Thus the 
hydrazmeprotocolproducesanegafiveresmfuutcorrelateswimmepresen^ 
methyicytosine. Unambiguous idenfiflcauon 0,5.^^ e requires the generation 

of 5-methyleytosme is that „g of template DNA is required. 

^'""P^nanganafcalweaklyacidicpHandroomtemperahlre reacts 

guamn. After mcubabon o, DNA with permanganate the DNA is run on a sequendng 
^.Companson of the permanganate-heated DNA with DNA freated with ol has" 
spectnc chemtcai cleavage compounds aUows tine seque^e of the DNA to be determined 
Pennanganate oxidation of DNA can therefombe used ,o discriminate beHveen cytosl 

"d«TsT 7 ^ OUSh * e ^~«P^P-<ucesapo,tivere Su l, 
end tims has an advantage over the hydrazine protocol, permanganate does react weafcly 

"* ^ — « cosine versus o-methyicytosme depends on a 
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difference in the intensities of their bands on the sequencing gel. A further disadvantage of 
permanganate modification is that pg of template DNA is again required. 

Bisulfite treatment of genomic DNA deaminates unmethylated cytosine bases in the 
nuclexc acid template to uracil, whereas 5-methylcytosine is resistant to deamination 

■ Bisulfite has little activity on cytosine bases in double stranded DNA and so genomic 
double stranded DNA is preferably denatured to single stranded DNA. The standard 
hsulfite modification protocol uses incubation in alkali (NaOH) to denature double 

. stranded DNA to single stranded DNA (7). Bisulfite deaminates cytosine slowly and 
mcubation times have to achieve a compromise between complete deamination of all 
cy tosme and fragmentation of DNA after long incubations. Protocols for bisulfite 

modification use a range of incubation times, generally from 4 to 20 hours incubation in 
bisulfite. 

^^^(^sludiedopamumcondiHonstorbisuWte-madiateddeamtaationof 
cytosnteand found th^hoursincubauonafSS-C gave 99% deamination of cosine, bu, 
under these conditions 84 to 96% of the DNA was degraded, reducing yields for 
subsequent steps. Further. 5-me,hy,cytosine is deanunated by heat at a greater rate than 
cytosm* For example, the rate of deamination of 5-methylcytosine at60°C is 1.5 times 
hgher than that of cytosine (9). fncubadona in bisulfite at tower tempemtures mduce 
fragmentauonof DNA but the incubation times have to be extended to UtoaOhou-s to 
acWc full deamination of cytosines. BisuMte modification requires approximate* 10 ng 
of DNA for subsequent analysis using PCR-based methods. 

The modified DNA sense and anti-sense strands pn>duced by bisulfite modification 
*te no longer complementary and therefore subsequent amplification by PCR must be 
performed wllh primers ma[ are ^ ^ ^ ^ 

complementary to either me modified sense strand or me modified anfi-sense stond. 
When the region of interest is amplified by PCR, uracU (previous* cytosine) i3 
to thymme and 5-memylcytosine is converted to cytosine (7). The PCR products 

based techmques that produce sequence information such as mediation-specific PCR (10) 
or R^-PCR (3 6,, md ^ wW , , mMaB J^J^JT 
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Although the bisulfite method has advantages in terms of ease of use and 
sensitivity over other existing protocols, potential artefacts can arise from the experimental 
protocol (2) namely not all cy tosines are converted to uracil, a small percentage of 5- 
methylcytosine is converted to thymidine (12) (DNA polymerases do not distinguish 
betweenuracuand*^ 

the long mcubations and non-physiological buffers required (8). The full protocol is long 
in bisulfite before results are obtained. 

in u- ™ erate "^ tingS ^ 
10 bisulfite modification protocol. 

DNA extracted from many types of specimens including normal and tumour tissue, 
paraffin embedded tissues, as well as plasma and serum has been shown to contain 
aberrandy methylated sequences using the combination of bisulfite treatment and analysis 
by PCR-based methods (4,13,14). 

A variety of enzymes with the ability to deaminate cytosine bases have been 

d.stnbutedmprokatyotesaxtdeukao.otes. Cytosine Deaminase (EC 3.5.4.1.) converts 
cytosine to uracil Deoxycyridine Deaminase (EC 3.5.4.14.) converts deoxycyridine ,„ 
deoxyundine and Deoxycyridilate Deaminase converts deoxycyddme-o-phosphate to 

^endtngon Resource of theenzyme. The ebUity „, Cytidine Deaminase and Cytosine 

'* ; dM f mtaate """"« S-eftylcyddme am. 5-methy.cyfosine and L 
unmethylated analogues as substrates (respectively) is species specific. Cytidine 
Deaminase from humans can deaminate, with varying efficiency, numenms cytidine 
dertvauves including cytosine, deoxycyridine, and 5-methyicyridine (15, 16). Cytokine 
Deammase from Pseu^c^ can uril.se 5-memylcytosine (1 7) while the enzyme 
produced by enterics can ordy use cytosine as a substrate. Cyfosine Deaminase from the 
hmgus ^ fc ^ tomd ^ yea8tenzyme M HtUiseS . methyI 

Z nCmat0<,eS ' ^ d ° n<>t COT " aln "—M^*- in their genome, is 



Apolipoprotein B mRNA Editing Enzyme (ApoBRe) is the central component of an 
RNA editsome whose physiological role is specifically to deaminate the cytosine base at 
position #6666 of the apoBmRNA to uracil in gastrointestinal tissues creating a premature 
stop codon (20, 21). The catalytic component with cytidine deaminase activity is called 
Apolipoprotein B mRNA Editing Enzyme Catalytic Polypeptide 1 (APOBEC1). Although 
mRNA is the physiological substrate of this enzyme there is some evidence that it has 
activity on DNA in vivo. Misexpression of Apolipoprotein B mRNA Editing Enzyme in 
transgenic mice predisposes to cancer (22) and expression of human Apolipoprotein B 
mRNA Editing Enzyme in R ^results in a mutator phenotype where there is a several 
1000-fold enhanced mutation frequency seen at various loci in UNG-deficient strains. 
UNG is an enzyme involved in the repair of U:G mismatches caused by spontaneous 
cytosine deamination and deficiency in this enzyme prevents cells from repairing 
deaminated cytosines in their genome (23). Sequencing of DNA showed mat mutations 
were triggered by conversion of cytosine to uracil in DNA. There appears to be some 
context specificity in the small stretches of DNA studied in this model (23) with a 
requirement for a 5'flanking pyrimidine. This is despite that fact that the cytosine base 
(#6666) exclusively targeted for deamination by this enzyme in the physiological RNA 
substrate has a 5'flanking purine (adenosine). Deamination of cytosines with 5'flanking 
pyrimidines by Apolipoprotein B mRNA Editing Enzyme may require factors not supplied 
in the E coZr'model. 

Recent work by Petersen-Mahrt & Neuberger (24) investigated the deamination 
activity of Apolipoprotein B mRNA Editing Enzyme in vitroon DNA substrates. They 
found no activity on double stranded DNA but cytosine bases in chemically synthesized 
single stranded DNA substrates were readily deaminated with 57% deamination of three 
cytosine bases in 120 minutes of incubation with a crude extract of enzyme. The activity of 
the enzyme appeared to be slightly higher when treated with RNase. The authors 
calculated that one molecule of Apolipoprotein B mRNA Editing Enzyme in their crude 
extract could deaminate a single cytosine base in a chemically synthesised single stranded 
DNA substrate in 10 minutes. They attributed this slow rate of deamination to the fact that 
then- assay was likely to be sub-optimal. This was attributed to the lack of other factors 
reqmred for activity that were not expressed in the E ro* host, that the human enzyme 
mxght not properly fold in the R c^host, and the fact that any post-translation 
modifications required for activity would not be supplied by the R cctfhost. 
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Activation-Induced Cytidine Deaminase (known as AID or AICDA) is a B-cell 
specific protein. Expression of Activation-Induced Cytidine Deaminase is a pre-requisite to 
class-switch recombination, a process mediating isotype switching of immunoglobulin, and 
somatic hypermutation, which involves the introduction of many point mutations into the 
immunoglobulin variable region genes. The mode of action of Activation-Induced 
Cytidine Deaminase is unknown. Current theories focus on the fact that Activation- 
Induced Cytidine Deaminase has sequence motif homology with Apolipoprotein B mRNA- 
Editing Enzyme and Cytidine Deaminase. 

An early theory on the mode of action of Activation-Induced Cytidine Deaminase 
suggested that the hypothesised RNA-editing function of the enzyme mightbe involved in 
editing mRNAs that encode proteins essential for class-switch recombination and somatic 
hypermutation. The theory with most experimental support suggests that Activation- 
Induced Cytidine Deaminase functions as a DNA-specific cytidine deaminase. This model 
suggests that Activation-Induced Cytidine Deaminase deaminates cytosine bases in 
somatic hypermutation hotspot sequences to produce G:U mismatches and that these are 
differentially resolved to effect somatic hypermutation or class switch recombination (25) 
Evidence for the latter theory includes the suggestion that somatic hypermutation is 
initiated by a common type of DNA lesion, and that there is a first phase of hypermutation 
that is specifically targeted to dC/dG pairs. This would require Activation-Induced 
Cyhdme Deaminase to have cytidine deaminase activity on DNA. All published work on 
Activation-Induced Cytidine Deaminase has focused on determining the in vivo substrate 
to elucidate the role of the enzyme in somatic hypermutation and isotype switching of 
immunoglobulin. 

Research by various laboratories has showed that human Activation-Induced 
Cytidine Deaminase can deaminate cytosine on single stranded DNA in vitro (26-29) but 
not on single stranded RNA (26, 27). Activity of Activation-Induced Cytidine Deaminase 
on double-stranded DNA in vitro is limited to DNA coupled to transcription factors. It has 
been hypothesised that transcription allows deamination of double stranded DNA by 
generating secondary substrates that provide single-stranded DNA substrates such as 
stableRloopsandstemIoops(28). These secondary structures can be mimicked in vitrohy 
producing bubbles, or loops, of centrally located noncomplementary regions of DNA 
wrach will be single stranded, between complementary regions of double stranded DNA 
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Acbvation-Induced Cytidine Deaminase deaminates cytosines in such bubbles The 
efficiency of deamination depends on the tength of the singte stranded bubble. Bransteitter 
et a/. (27) measured thepercentof a chemically synthesised double strandedDNA 
substrate deaminated in 5 minutes of Incubation and showed that substrates with 1 

nucleobde bubbles showed 8 % deamination, 5 nucleotide bubbles showed 35 % 
deamination and 9 nucleotide bubbles showed 56 % deamination. 

It has been hypothesised that Activation-Induced Cytidine Deaminase activity 
would be restricted to the physiologic*, target (the immunoglobulin loci) because rampant 
DNA deamtnase activity would be harmful to the cell. There is some suggestion that the 

and tt, s hypothesised mat Activation-Induced Cytidine Deaminase wou!d show greatest 
active o n ^ ^ hypermutation hot-spot sequence EGYW (a sequence commonly 
^W..fa»^ t ^ otfciMm ^ |eiie) Bransteitter^ (27) 

h^eracti^ontwohot-spot sequences compared wim non-hot-spo, sequences. 
Convey. Dlckereon (26) found ^ fte deaminase ^ ^ 

va^T De ~ WM ^ *" -~ «-*— - *e 

vanablereg,„noftheimmunoglobuIin gene mathave never been found ,„ be mutated 

^weredea^tede^yweUashot-spotsequen^and^somehoC 
sequences were deaminated at only background levels. 

WorkbyPhamera/.OD.as.edtheabill^of Activation-Induced Cytidine 

ZZZr,*?^'***''*-*' ^^^^esttandedDNA 
template b, titese experiments, me single stranded DNA template was a phage circular 

a^2^r n T 8a ~ TOHde ^ ,0me/ ^^^c easpartof 
of^T » ««- Incubations were carded ou, wtth SM ng 

doub e-sttanded phage DNA subsume with a 40-,o,d excess of enzyme in a l2u 
™S bu«er (pH 8.0, wim 1 mMEDTA and 1 mM dlthiothr^tol a, 37-C^O mimutes 
I. ZT 7~ W ™^~*m„teted phage (which gave white 
«hgh.b.uepla,ues ) ,n,oUNG-deficient S OT /y wlm subsequent sequencing of clones ' 

Deatir o-cti^ofAcbvatioIbtducedC^: 
Deammase was found to vary with sequence context, and the authors hypothesis^ mat 
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their results suggested the enzyme was a mobile molecule that processively dominated 
cytosme molecules in the single stranded DNA. 

Pham etal. (31) also described a protocol for measuring the deaminiation activity of 
Activation-Induced Cytidine Deaminase in a trancriptionally active version of their Phage 
substrate. Incubations were carried out with 30 nM of the double-stranded phage DNA 
substrate in a 50 mM HEPES buffer ( P H 7.5) with 1 mM EDTA and 10 mM Mgd2 at 37<>C 
for 30 minutes. The incubations included T7 RNA polymerase and rNTPs to produce 
transcriptionally active DNA which is a more accessible substrate for the Activation- 

by Activation-Induced Cytidine Deaminase on the non-transcribed strand required RNA 
polymerase (active transcription) and that deamination on the transcribed strand 
"protected" as an RNA-DNA hybrid, occurs at an approximately 15-fold lower rate. These 
incubations also demonstrated favoured deamination occurred in hotspot motifs. 

involve ech^ 

m wo show untargeted cytosine deamination, that is deamination of genes other than the 
vanableregionof the immunoglobulin gene. For example, human Activation-Induced 
Cyfadme Deaminase expressed in R coli, which obviously lacks the human 
—globulin target gene, produces context specific deaminations in genes screened for 
masons (30). The reason for this context specific deamination was not examined, and it 
«uU be ^eitherasequence specific requirement of Activation-Induced Cytidine Deaminase 
or it might be due to the secondary structure of different portions of the genomic DNA 
template (i.e. areas of single stranded DNA in actively transcribed genes would be 
deammated with greater efficiency than stable double stranded DNA). It is possible that 
hdb^dr^^ ex P resse d in B cells may be required for proper targeting of Activation- 
Induced Cytidine Deaminase mediated deamination to the immunoglobulin variable 
region. 

Bransteitter etal (27) recently incubated human Activation-Induced Cytidine 
Deaminase with a variety of chemicaUy synthesized nucletc add substrates in This 
wo* showed that in a very simple mode!. Activation-Induced Cytidine Deaminase was 
capable of deaminanng cytosine bases with 10-fold higher specifle activity than 5- 
methylcytosine bases. The model involved incubating Activation-Induced Cytidine 
Deaminase with chemicajly synthesized single stranded DNA molecules with either 27 or 
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33 nucleotides, including either 1 or 2 cytosine bases, with no complimentary DNA strand 
present. These artificial substrates were present in high concentration, 100 nM, in a two- 
fold excess of Activation-Induced Cytidine Deaminase. The ability of Activation-Induced 
Cyhdine Deaminase to differentially convert cytosine bases to uracil, with no or little 
activity on 5-methylcytosine, in a complex mixture of genomic DNA extracted from an 
individual where there are a multiplicity of mega-base fragments with a multiplicity of 
deferent sequence contexts of cytosine bases with both sense and complementary antisense 
strands present was neither tested nor considered. 

The cytidine deaminase activity of Activation-Induced Cytidine Deaminase is 
mhibited by 1,10-phenanthroline, a strong chelator, but not by EDTA, a weaker chelator 
This suggests that Activation-Induced Cytidine Deaminase requires a tightly bound metal 
ion, possibly zinc, for cytidine deaminase activity (27, 29). Activation-Induced Cytidine 
Deammase retains cytidine deaminase activity over salt levels of 50 to 150 mM, can tolerate 
moderate levels of EDTA (5 to 10 mM), works at a wide range of pH (from 7.6 to 9.0 were 
tested) and works with varying efficiencies from room temperature to 37°C (26) These 
conditions ax* conducive to retaining the integrity of genomic DNA without 
Ration. Acnvanon-lhdu^ 
65°C for 30 minutes (26). 

Enzymes wWch modify DNA require only a few hours incubation. FuriBed 

My cleave double stranded DNA. Brensteitte, e, a,. (27) measured 95 % conversion of 
« to uracil by Acuvation-Induced Cytidine Deammase In a chemlcajly synthesized 

DNA substrate m 16 minutes, and 56 % conversion of cytosine ,o uracil in a 
at* T T ^^"""^"^^bleaffersminutes . TWsisthus 

°nly 10 % of a chemically synthesized single stranded DNA substrate containing one 
9**»ne was converted to uracil after 30 minutes of incubation with Acuvanon-Luced 
Cyhdine Deaminase (26). 
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Summary of the lnvpnt.»r. 



In one aspect of the present invention there is provided a method for detecting the 
presence or level of alkylated cytosine in a sample of genomic or mitochondrial double 
stranded DNA from an individual, the method comprising: 

(a) obtaining a sample of the double stranded DNA from the individual; 

(b) converting at least one region of the double stranded DNA to single stranded 



DNA; 



(c) reacting the stogie stand*, DNA from step (b) with an enzyme. the enzyme 
dtfterenually modifying alkylated cytosine and cytosine; and 

(d) determining the level of enzymatic modification of the single stranded DNA. 
Generally, the reaction conditions under which the enzyme is used will be such that 

Preferably, the enzyme wfl be capable of reacting substonuaUy with only one of alkylated 
cytosine or cytosine. ' 

^ bI y'*^nvereionofmea,leas.one re gionofmedoublestrandedDNA«o 
stngte landed DNA will comprise at least partiafiy separating the two strand, The 

DNAir^ ro : p t^ ki ^™^ ofte ^ s ^°'* ed ^'-^ 

DNA together once they have been separated, to facilitate access to fhe single stranded 
UNA by the enzyme. 

sfi-anded^Nr 0re h Pr0b r Pable " " — •"»*»«. 

-«*d DNA may be utilised to inhibit annealing „, the separated strands. When a 
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The probe will typically be an oligonucleotide. The probe may hybridise with a 
single contiguous region of a strand of the double stranded DNA, or separate discrete 
upstream and downstream regions of the strand which flank a target region of the strand 
being evaluated for the presence or level of alkylated cytosine. 

5 In the former instance, at least two such probes will generally be utilised in a 

method of the invention, wherein one of the probes hybridises with a region of the strand 
downstream of the target region, and a further of the probes hybridises with a region of the 
strand upstream of the target region such that hybridisation of the other strand of the 
double stranded DNA to the target region is inhibited and the target region remains 
10 accessible to the enzyme. 

In the latter instance, the probe will have a sequence such that when hybridised 
with the strand the spaced apart upstream and downstream regions of the strand are 
drawn toward each other or alternatively, the probe will have opposite end regions which 
^-wimmes^ 
nothybridisewimmetargetre^ 

Ae target region is formed and hybridisation of the other strand of the double stranded 
DNA with the target region is thereby inhibited. To facilitate the formation of the loop or 
bubble, the middle region of the probe may incorporate inverted repeats that hybridise 
together following hybridisation of the probe with the strand. 

20 T ° detect * e P^nceorlevdofalkylatedcytosine,meregionor 

single stranded DNA reacted with the enzyme will typically be subjected to PCR and the 
resulting amplicon(s) analysed for sequence variations arising from the action of the 
enzyme. Hence, a method of the invention may further comprise: 

amphfying at least one region of the single stranded DNA reacted with the enzyme 

Rising a process involving thermocycling and primers to obtain an ampHfied product; 
and 



analysing the amplified product for sequence modifications consistent with the 
presence of alkylated cytosine in the region or regions of the single stranded DNA 
amplified. 
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Determination of the level of alkylated cytosine may be achieved using any 
technique capable of detecting sequence modifications such as point mutations. Such 
techniques include, but are notlimited to, nucleic acid sequencing and polymerase chain 
reaction (PGR) techniques, restricton enzyme digests, and techniques involving the use of 
probes that bind to specific nucleic acid sequences. The determination may comprise 
quantitative atrd/or qualitative analysis of the alkylated cytosine content of the target 
region of the singie stranded DNA. In particular, hypermethylation or hypomethyladon 
may be detected by a method of the invention and more paruculariy, patterns of cytosine 
alkylauon in the DNA. 

The DNA evaluated may comprise a gene or a region thereof and preferably a 
stranded DNA will be genomic DNA. 

Accordingly, in another aspect of the present invention there ia provided a method 
15 an individual, the method comprising: 

(a) obtaining a sample of genomic DNA from the individual; 

(b) converting at least one region of the genomic DNA to single stranded DNA; 

(c) reacting the single stranded DNA from step (b) with an enzyme, the enzyme 
differentially modifying alkylated cytosine and cytosine; and 

(d) determining the level of enzymatic modification of the single stranded DNA. 
faas «»^a S pec^ 

le^^^ 

(a) obtaining a sample of genomic DNA from the individual; 
Wconvertingatleast one region of the genomic DNA to single stranded DNA; 

(c) reacting the single stranded DNA from step (b) with an enzyme, the enzyme 
differentially modifying alkylated cytosine and cytosine; and 



20 



25 



10 



20 



25 



15 



(d) detennining the level of enzymatic modification of the single stranded DNA. 

Typically, the enzyme used in a method of the invention will be a deaminase 
enzyme. The alkylated cytosine detected will generally be 5-alkylcytosine and usually, 5- 
methylcytosine. The presence of 5-methylcytosine is a useful marker in many conditions 
and dzsease states, and for upregulated or downregulated gene expression. Detection of 
the presence of 5-methylcytosine is also useful in mutation and epigenetic polymorphism 
analysis. Accordingly, the detection of 5-methylcytosine in DNA has significant diagnostic 
and other applications. 

In yet another aspect there is provided a kit for use in a method of the invention, 
wherem the kit comprises one or more reagents for performing the method and 
msmxcHons for use. The reagent or reagents may for instance be selected from .he enzyme, 
buffers, primets for PGR and probes for separating me strands of the double stranded 
DNA utilised. 

71,8 ^'Mvidual" as used herein is fo be taken in the broadest sense and is 
mtended to include within to scope humar, beings and non-human animals, bacteria 
yeast, fungi and viruses. 

Throughout this specification the word -comprise", or variations such as 
composes" or "comprising-, win be understood to imp.y the inclusion of a steted element 
mteger or step, or group of elements, integera or steps, but not the exclusion of any other ' 
element, mteger, or step, or group of elements, integers or steps. 

The features and advantages of methods falling within the scope of the present 
mvenson will become further apparent ft™, the following description of preferred 
embodiments of the invention. 

Periled Dwrrlntlon of t r . Ipygnfigp 

^^^^eusedmamemodatuteprasentmvention^tavecyudine 
or cytosine deaminase activity, and be able to deaminate cytosine bases in genomic DNA 

touracUwifltoutsubstananydeammataganyS-memylcytosinebasesintheDNA The 
enzyme may be „ cymM M 

thermophilic organism. 
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The enzyme may for instance be selected from Activation-Induced Cytidine 
Deaminase, Cytidine Deaminase (also known as Cytidine Aminohydrolase EC 3.5.4.5), 
Cytosine Deaminase (also known as Cytosine Aminohydrolase EC 3.5.4.1), Deoxycytidine 
Deaminase (also known as Deoxycytidine Aminohydrolase EC 3.5.4.14), Deoxycytidilate 
Deaminase (also known as Deoxycytidilate Aminohydrolase), Apolipoprotein B DNA 
Editing Enzyme (ApoBRe) and catalytic fragments, homologies and variants thereof. By 
catalytic fragment is meant an enzyme fragment possessing some or all of the catalytic 
activity of the complete enzyme. Generally, a catalytic fragment utilised in a method of the 
invention will have substantially the same catalytic activity as the complete enzyme. 
Catalytic fragments of ApoBRe include APOBEC1. Homologues of APOBEC1 include 
APOBEC2 and APOBEC3A to APOBEC3G, and one or more of such homologues may also 
be utilised in a method described herein. 

Genomic DNA will usually be utilised in a method of the invention and may be 
extracted from any cells or biological samples deemed appropriate. Genomic DNA 
extracted by standard protocols is fragmented to varying degrees and is largely double 
stranded. Activation-Induced Cytidine Deaminase, and other enzymes with cytidine 
deaminase activity, typically have highest activity on single stranded DNA, or on regions 
of angle stranded loops in double stranded DNA (27). Double stranded DNA can be 
made single-stranded by a variety of methods including heat denaturation, chemical 
denaturation, protein binding and exonuclease activity and any of these techniques may be 
utilised. J 

Heat denaturation is commonly used for generating single-stranded DNA and is 
used in processes such as PGR. Chemical denaturation involves incubations in chemicals 
such as alkali (7, 32) or formamide (32). Incubation with proteins that bind single-stranded 
DNA such as such as Bacteriopharge T4 gene 32 protein (and truncated forms of this 
protein) destabilise the double helix of genomic DNA and reduces secondary structures 
(33, 34). Enzymatic denaturation involves selective enzymatic degradation of one strand 
of double stranded DNA by incubation with exonucleases such as exonuclease m from IT 
cat which catalyses the 3'to 5' removal of mononucleotides from 3'-hydroxy termini of 
duplex DNA. Exonulease m has been used to prepare single-stranded DNA substrates for 
dideoxy sequencing (35), direct sequencing using MALDI-TOF mass spectroscopy (36) and 
single-strand conformation polymorphism analysis (32). 
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Probes utilised for hybridising with the single standed DNA generated by 

srrends and thereby aUowing access of the enzyme ,„ the target region of interest L 
S^raUybesynmedcougonudeobdeprobes. H.e probes may be DNA probes or 
arudoguesthere^ T}p,caHyme 
probes wdi be incapabie of acnng as pnmers and being extended during PCRThe probes 
^^ybeabou.lobasesin.engtn.usuaUyberweenaboutlOandSObasesin.eng* 
rldtr? t ^-''^^'^^'-^However^ongerprobesarenot 

Db.As.and to be assayed for facditaing reacbon of the enzyme w«h mump,!! afong 

Incubation of the single stranded genomic DNA with an enzyme with a 

T T^" ™ " d ^ ~* " a seouence 

unlZd '^^^^^'^-'^-bstantiaUy 
unchanged. The opbmum reacdon condidons for reacdon of the DNA with me selected 
d_e enzvme may be detenntoed by atertng _ ^ 

APOBEC^t? Cyddine Deaminase and me 

A^Hacatelybcpolypepddeanditehomologueshasshownnoadempttoopdmiseme 
reacbon condrbons under which me enzyme and ,te substrates are incubated. WoTJ * 

invesbgato^m econ^ovT^T 
oTmT T ^ Cy ' MineSPrcSentinC '' GslteSta ' h ^P=^d in mepromoter region 

react, t """^ 3 m0del * °" which to test 

-ebon var.ab.es ,o determine the opumum condldons for maximum discriminabon 
b ^-~andS-me %1 cyto^ 
deaminauon by enzymes with cyadine deaminase acttvity. 

^~^; fOTde ~^* rea * n — --SenomlcDNAisflrst 

^ 8 StM>dard me *°^ ° NA SW «° -Ha is then 

-verted o smg.e stranded DNA, preferably by he,, denaturadon. ^ of 

*e separated strands can be Inhibited using probes as deaaiM ^ ^ ^ ^ 
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tested is subsequent added to the single stranded DNA and incubated under a range „ f 
variables selected from for instance; the concentration of DNA, the concentration of 
enzyme, the time of incubation, the temperature of incubation, the composite, and 
concentration of me buffering ion (commonly used buffers indude TTUS, HEPES, MOPS & 
' umdazoieX me P H of me buffer (from pH 4.0 fo 10 .0>, me con^nteadon and type of sT 
(commonly used salts include sodium chloride, sodium achate, potassium duoride, 

^ZZZT' T " SUlPhafe ^ " amn0niUn>) - «" — °< various 
caboruc metal tons (for example magnesium, manganese, lead, and caldum), the 

concenteation of various protein stabilisers if any (for example reducing agents such 

2 Z 7^ CO "° IVent5 (5UCK M ^ ^ *>™- DMSO, alcohofs 

and po.yola,. ^ degree of disoiminauon befcveen cytosine and S-methyicvtesine 
acrueved us mg .afferent combinabons of mesa variables can then be asseZLy prolocols 

relw tT - ""' ^^'"^-^^^afmeabo^r 
^oncondmonv^ablesisnotexdusiveandfurmerexampiesofreagen^., 

r^T ta ^rr 0r ^ — ^W^-esofreacHonofettzymescan 
Oe found in pubhdy available literature. 

Follo ^ n 8 ta ^«onofthatestDNA»imm e e n2 yme,thetarg e tre ei „n„f 
n^ed before me commencement of ma PGR • Using me modified DNA as a tempUte 
~-the ongmal sequence arri^^p^^ ^ . 

1™7:: ^~ ba - to ^*>y'heen 2 yme,fonowed^ ro nver S irr^ y ' 

uIZTh ^^^^^^^^rencesaasodafedwim 
•he methylauon status of the cytosines in the original DNA template. 

disc • . ^ be detected using any protocol which can 

Qoi « «^r,x ^ cl( - J<(10 ^ Restn cfaonEndonuclease Mediated 

Sdecbvera, (PBMS-PCR, (eg,3 7); mternabonai Patent Apphcabon No. 
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specific PGR relies on primers that take advantage of the sequence differences between 
methylated and non-methylated regions after conversion by the enzyme. All of these 
methods will give information on the mediation status of cytoslnes in the target region of 
the test DNA being assayed. " S 

5 ^^^"^"f^PM^HonbyREMS-PCRmeanathatitiswdlsultedfor 
analysts of rare genetic variations suchas tumour sequences in a background of normal 
sequences, "r foetal sequences in a background of maternal sequences. Accordingly a 
method of the invention may form the basis of minimally invasive assays In which body 

1U aberrant cytosinemethylaSon patterns. 

The method of the present invention may be used to detect hypermethylated 
sequences wimin the promoter region of genes in association with human tumoure such as 
for example, hypermethyladon in the CpG island wiflUn the^/o gene promoter 
Hypermeftylation of this region has been detected in bladder, breast, gastric, head & neck, 
^^^.ungandlivercancer. Other examples of genes wLh hive GpG 
"land hypermefhylaoon in association with human tumoure include E-c dherir , (breast 

~ M '^r r ' " Ver tUm ° Ura) - V °" MPPd <™ ^ (renal ceH 

mmZ '^r ^^^'^^-^^PhomasXhMW! (colon 

nr r ast - * iun8 -* ma — - 

renal tumours), MDG1 (breast tumoure), GST-n (prostate tumoure), 0°-MGMT (bram 
to ^»-^^(can to oma a ndle U l^),a„ d ^ oa)Mdertmoure)a3) 

A method as described herein can also be used to identify regions of 
hypomethyladon such as regions of hypomeftyladon associated with the transcriptional 
achvationofgenessuchasurokinaseorS100A4incancer. 

Specflc apphcauons utUising such markers include for example, minimaDy invasive 
s^oreariydiagno^softumoureorcancere, detection of micromerasraucor 
me^abcdtseaseinlymphnodes, detection ofunresected tumour cells a, tumour margins 
^-dua.d^orasaforeforpradictagre.ap^ In addiHon, dikrences in 

foetal DNA or disease states such as fragite X syndrom, ^ stored gene to ^ 
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^ presence of 5-methylcytoane may also provide a marker of endogenous or exogenous 
DNA associated with viruses, bacteria or other pathogens and so provide a means 
mdicafing infection by the pathogen or of identifying the pathogen. 

CmtolDNAs ^ u ^ofteowncytosineme%taaonstatuswiIIgeneraJlybe 
uMisadforassassingtheerficacyof the e^ymanc modification of cytosine bases. Suitable 
controls include plasmids, PCR fragments generated by replacing dCIP with melhyfi. 
dCTP (38), and commercially available human genomic that is DNA universally 

mrfhyladon status may be used for positive and negaUve control, As an example, the 
CpG dmudeofides in the CpG Wand in the promoter region of me ^ogene are fuily 
me iungcancerceUlineamoyartd 01752, and unm ethylatedin thelung 

hTT rj C49and ^ <10) - «DKA maybe extracted from the cefi 
fines by standard protocols known in the art. 

15 E ^ aacmodifi ^<'"of<^inebase s in t hete S tDNAbeinga S sayedwUl 
generally be carried ou, using the minimum incubation period deemed necessary ,o 
achieve modification o, the cytokine bases in the DNA by the enzyme uufised. «, in 

-lead to excessivefragmenlafion of the DNA. Advantageous." me 

20 " WCaBy " e ^ *" ~ DNA P~ known In 

The disclosures of all references referred to are specifically incorporated herain by 
^oss reference The ~» wfi, now be former descrtbed with reference to the 

foUowmg non-limiting examples. 

*amp,e * Enzym^ conversion o, genomic DNA using AcHvathm-Induced Cyfidine 

usine „TT°, ' S ** " bl<Md ° r ^ *»» *• WW- 

usmg a standard extraction protocol known in the art. Human genomic DNA, universaUy 

methylated for all genes (CpGenome™ UniversaUy Methy,a,ed DNA), is used as a 
~gr tolf0rde ^ 0n °^ me,hyl ~^* eC P G1 ^ 'nthepromoterof 
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Single stranded DNA is generated from the double stranded genomic DNA by heat 
denaturation. The resulting single-stranded DNA is subsequently incubated with 
Activation-Induced Cytidine Deaminase in conditions that promote deamination of 
cytosine bases in the DNA, but not 5-methylcytosine bases. Activation-Induced Cytidine 
5 Deaminase can be prepared in a number of ways including as a crude extract from 

activated B-cells (28), and expression of a fusion protein to facilitate purification (26, 27). 

The area of interest around the CpG island of the ^promoter (GenBank 
Accession No. X94154) is then amplified by PCR. Primers are chosen in regions that are 
not mediation hot-spots to reduce the possibility of efficiency of amplification being 
dependentonmethylationstatus. Suitable primer sequences are described in Herman et 
( u 10) - ™ e PCR P roduCt %^*ne bases where unmethylated cytosine existed 

m the template genomic DNA and cytosine bases where 5-methylcytosine bases existed in 
the template genomic DNA. The mediation status of the CpG island in the promoter 
regxon of the^gene is then assessed using a suitable protocol as described above. 

pUm* 'used asamarker of tumours of several organs including the bladder, breast, 
gastnc, head & neck, oesophageal, colon, lung or liver. 

Example 2: Enzymatic conversion of genomic DNA using Activation-Induced Cytidine 
Deaminase to facilitate detection of the mediation status of the individual CpG 
20 ^nucleotides in the CpG island in the promoter of the pl6 (INK4a) gene. 

As in Example 1, genomic DNA is first extracted from a blood or tissue sample 
from the individual using a standard extraction protocol known in the art Human 
genomic DNA, universally methylated for all genes (CpGenomeTM Universally 

CpG tsland in the promoter of the ^gene (also called the CDKN2 gene, GenBank 
Accession No. X94154). 

en*™ « SPeC ' fiC ^ ° f ** ' SUnd * C Prom ° ter ° f *•"»•■» *~ targeted for 
^ahcoonversionbyActivafiontoduc^CyttdineD^^^^ ^ 

30 Zt ° f am *— M * — - CpG sequence to be analysed such 

30 ^'hybnd.zauonoftheDNAprobeproducesacentraJ.o^ofsing.estrandedDNA 

contauung the C P G sequence, or sequences, to be analysed. The DNA probe is hybridized 
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to the genomic DNA by mixing the probe and the genomic DNA together, then heat 
denaturing the genomic DNA and cooling the solution to a temperature lower than the 
melting-temperature of the probe. In a variation of this technique, a plurality of such DNA 
probes may be hybridised with the genomic DNA to target a number of regions of interest 
mthegenomicDNAlnafurther variation of this technique, the probes may contain 
modified DNA bases such as PNA or LNA. 

Tfce genomic DNA with the DNA p ro be hybridised to it is subsequently incubated 
w-th Activation-Induced CyMne Deaminase under conditions that promote domination 
of cytosine bases in the genomic DNA by the enzyme, but not 5-methylcytosine bases. 

nr-P JOVT °' ""^ ar ° Und * C CPG ,Amd ° f * e ^Promoter is men ampUfled by 
PCS.ThePCRproduct wmconWnAymidJne bases where unmethylated cytosine existed 
m the loop of template genomic DNA, and cytosine bases where S-methylcytosine bases 
ex.sted in the template genomic DNA. The methylation status of the CpG ishmd in the 
promoter region of pl/Sis then assessed as in Example 1. 

MeAylaSon-specMc PGR relies on prtmere that take advantage of the sequence 
differences between mediated and unmethylated region after conversion by an agent 
such as b-suMte. To detect the CpG dinudeoudes targeted for enzymatic conversion by 
Acbvauon Induced Cyddine Deaminase using mediation specific PCP, methyladon- 
speaflc primers are designed to this region. 

a numberTT *! T* ™ m,i ° n ^ h*"****™ with reference to 

P m^ « ^ **" *- ™ 

TtI T nSarcPOSSibleW " hOUl from the spirit or scope of me 

mvenbon. The present embodiments described are. therefore, to be corundered i aU 

respects as illustrative and not restrictive. 
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Claims 

1. A method for detecting the presence or level of alkylated cytosine in a 
. sample of genomic or mitochondrial double stranded DNA from an individual, the method 
comprising: 

(a) obtaining a sample of the double stranded DNA from the individual; 

(b) converting at least one region of the double stranded DNA to single stranded 

DNA; 

(c) reacting the single stranded DNA from step (b) with an enzyme, the enzyme 
differentially modifying alkylated cytosine and cytosine; and 

(d) determining the level of enzymatic modification of the single stranded DNA. 

2. A method according to claim 1, wherein the double stranded DNA is genomic 
DNA. 

3. A method according to claim 1 or 2 wherein the single stranded DNA is reacted 
with the enzyme under conditions such that the enzyme reacts substantially only with 
either alkylated cytosine or cytosine in the single stranded DNA but not both. 

4. A method according to claim 1 or 2 wherein the enzyme is capable of reacting 
substantially with only one of alkylated cytosine or cytosine in the single stranded DNA. 

5. A method according to any one of claims 1 to 4 wherein the conversion of the at 
least one region of the double stranded DNA to the single stranded DNA comprises at least 
partially separating die two strands of the double stranded DNA. 

6. A method according to claim 5 further comprising inhibiting annealing of the two 
strands of the double stranded DNA together once they have been separated, to facilitate 
access to the single stranded DNA by the enzyme. 

7. A method according to claim 6 further comprising hybridising at least one probe 
with a strand of the double stranded DNA following separation of the two strands, to 
thereby inhibit the annealing of the two strands together and facilitate access to the single 
stranded DNA by the enzyme. 
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A method according to claim 7 wherein at least two S aid probes are hybridised with 

AestrandofmedoublestrandedDNA.oneofmeprobeshybridisingwima^onofme 
strand downstream o£a target region being evaluated for the presence or levei of alkylated 
^»daf^ oflh e pr „ 1 « h ^ d ^^ at ^ onofthestemdu 

Ae target region such that hybridisation of the other stand of the doubie stranded DNA to 
the targe, region is inhibited and the target region remains accessible to the enzyme. 

d„w J" me *° d aC00rdinS l ° ^ 7 Whercta * e pH,be with upstream and 

io :^r^r rlevdo£a%iaw ^ tae '^^ 

stand draws *e upstream and downstream region, of the stand toward each other suA 
that a loop or bubble incorporating the target region is formed. 

10- A method according to claim 6 wherein the probe hybridises with the stand of th. 
11. A method according to claim 10 wherein the middle region of the probe 

im ,he ™°^ ln g and primers to obtain an amplified product, and analysing me 
11 A method according to claim 12 wherein the analysis of the amplified ptoduc, 
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^^-^esm^tbeuseofprobes^^toUfictr 

—J" ^ T^ 8 *° ^ 13 * e ° f «■*"■- product 

compnses subjectag the amplified product to a polymerase chain reacfil teclminue. 
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15. A method according to any one of claims 1 to 14 comprising detecting the 
presence or level of alkylated cytosine in a gene or a non-coding region of a gene, or a 
fragment thereof. 

16- A method according to claim 15 comprising detecting the presence or level of 
o alkylated cytosine in a promoter for regulating expression of a gene. 

17. A method according to any one of the claims 1 to 16 further comprising 
diagnosing a disease or condition in the individual on the basis of the presence or the level 
of the alkylated cytosine in the sample of genomic double stranded DNA. 

18. Amethod according to any one of claimsl to 17 wherein the enzyme is a 
10 deaminase enzyme. 

19. A method according to any one of claims 1 to 18 wherein the alkylated cytosine is 
methylated cytosine. 

20. A method according to claim 19 wherein the methylated cytosine is 5 
methylcytosine. 

15 
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